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(54) Optical techniques for measuring layer thicknesses and other surface characteristics of 
objects such as semiconductor wafers 



(57) A characteristic of a surface is measured by 
illuminating the surface with optical radiation over a 
wide angle and receiving radiation reflected from the 
surface over a wide angle. An emissivity measurement 
can then be made for the surface, and. alternatively, if a 
reflectivity measurement is made, It^ becomes more 
accurate. One application is to measure the thicl(ness of 
a layer or layers, either a layer made of; transparent 
material or a metal layer. A one or multiple wavelength 
technique allow very precise measurements of layer 



ttiickness. Noise from ambient radiation is minimized by 
modulating the radiation source at a frequency where 
such noise is a minimum or non-existent The measure- 
ments may be made during processing of the surface in 
order to allow precise control of processing semicon- 
ductor wafers; flat panel displays, or other articles. A 
principal application is in situ monitoring of film thtcl<- 
ness reduction by chemical-mechanicat-polishing 
(CMP). 
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Description 

BACKGROUND OF THE INVENTiON 

[0001] This invention relates generally to tech- 
niques for detemnining concfitions of surfaces, and, 
more specifically, to doing so by measuring a character- 
istic of the reflectivity and/or emissivity of surfaces. An 
example application is the measurement of the thick- 
ness of a film on a substrate, such as a film that is 
formed or removed from a semiconductor wafer during 
the fabrication of integrated circuits. The thickness 
measurement is made either simultaneously with the 
film processing (in situ) or thereafter (in line). More spe- 
cific applications include in situ measurements of the 
thickness of a film being reduced or removed by tech- 
niques such as wet etching, plasma etching, spin etch- 
ing or chemical-mechanical-polishing (CMP). 
[0002] As a result of the development of new semi- 
conductor processing techniques and a steacfily shrink- 
ing minimum semiconductor elennent size, a need exists 
to constantly improve techniques of monitoring and 
measuring the results of processing^ and also to 
develop new ones. The trend 4s to make as many meas- 
urements of semiconductor wafers as possible in situ, 
whk:h is usually more difficult to do than as a.separate 
step after the processing. Ah example of one recent 
development is described In U.S.. patent no. 5,769,540, 
wherein the reflectivity of a surface Is measured, from 
which its emissivity and/or temperature can be deter- 
mined without contacting the surface. The emissivity 
measurement is also usable to determine the thickness 
of a film carried by the substrate. These techniques are 
particulariy useful forrn^MgJn situ rneasurements dur- 
ing rapid thermal procesi^^(F?9[^:Ai;K^er devetopr 
ment, described in U.S; pientno. 5,696,660, measures 
the thickness or level. a^^|fn£bD^ dielectric 
and metal layers in sttiii^^o^&^ipr^^ 
during etching or CMR incii&g nTaWhg the measure- 
ments through the back side of the wafer. When applied 
to CMP, an optbal signal communk^ates with a wafer 
being processed through an optlcaJ window provided in 
one of the moving elements such as the wafer carrier. In 
published international (PCT) appfication no. WO 
97/25660, multiple sensors are carried by a moving 
component of a CMP machine^ with awireless commu- 
ncation of measurements and control dgnals provided 
between the sensors and a host control station. Other 
patent documents of interest include U.S. patents nos. 
5,138.149, 5,190.614. 5^166,525. 5.292,605, 
5,308,447, 5,362,969, 5;717,]B08 and 5,786,886, and 
PCT publication no. W093/25893. Each of the forego- 
ing patent publk:atjons is from Luxtron Corporatton of 
Santa Clara, California, the assignee hereof, and is 
incorporated herein in its entirety by this reference. 
[0003] It is a principal object of the present inven- 
tion to provide further improvements to methods and 
instruments for opttealty measuring characteristics of 



surfaces, such as surfaces of circuit structures partially 
formed on semiconductor wafers or flat panel cfisplays. 
[0O04] It is a more specific object of the present 
invention to provide such further improvements to mon- 

5 itor the effects CMP processing. 

[0005] It is another object of the present invention to 
provide improved optical methods and instruments for 
measuring the thickness of layers of dielectric, semicon- 
ductor or metal materials carried by a substrate. 

w [0006] It is a further object of the present invention 
to carry out the foregoing objects simultaneously with 
processing the surface or layer being monitored (in 
situ). 

[0007] It is an even more specifk: object of the 
75 present invention to accurately measure the changing 
thickness of a layer carried by a substrate, such as a 
semiconductor wafer, while being processed (in situ) to 
increase or decrease the layer thickness. 

20 SUMMARY OF THE INVENTION 

[0008] These and additional objects of the present 
invention are realized t»y the various aspects of the 
present invention, which are briefly and generally sum- 
25 marized. 

[0009] A surface being monitored is illuminated by 
optical radiation with rays of the incident radiation 
spread over a wide angle to form a radiation field modi- 
fied by the surface that is also collected over a wide 

30 angle and detected by a sensor. The angles of optical 
radiation illumination and collection are made suffi- 
ciently wide so that variations in an optical radiation 
path and/or of the surface being monitored, other than 
of the surface optical characteristic of interest, that 

35 occur over time or between different copies of the sur- 
face are minimized or sulastantially eliminated in order 
to improve the accuracy of the resultant measurements. 
In typical applications, the incident radiation is prefera- 
bly spread over an angle of at least 46 degrees and up 

40 to 180 degrees when striking the surface being moni- 
tored, and is also preferably collected over an angle of 
45 degrees or more, and up to 1 80 degrees. As the illu- 
mination angle is increased, the collection angle can be 
made nan-ower. The collected radiation is detected, and 

45 the detected radiation is processed to monitor a desired 
characteristic of the surface. Specific structures of sen- 
sors include use of an optical radiation spreading ele- 
ment suc^ as a diffuser or multi-pass refl^or, 
positioned near to the surface being monitored, and an 

so optical collection element, such as an end of an optical 
fiber or a lens, is positioned to receive the spread radia- 
tion after being modified by the surface, such as by 
reflection from the surface: Random or pseudo-random 
scattering of the illumination radiation is prefen'ed. such 

55 as occurs when the optical radiation incident on the sur- 
face being monitored has passed through ground glass. 
[0010] The wide angle illumination and detection 
significantly reduces the effects of variations in scatter- 
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ing of the optical signals that can occur independently of 
the quantity desired to be measured. The incident opti- 
cal radiation, and that modified by the surface being 
monitored, can be scattered varying amounts that 
depend upon the surface, angles that the radiation 5 
strikes the surface and optical elements, changes over 
time, and other causes. If narrow angles are viewed, for 
example, any variation in the amount of incident radia- 
tion that is scatted into the narrow viewing angle 
because of differences in scattering properties across jq 
the surface being monitored or between different sur- 
faces, versus that which is scattered over wider angles 
out of view, causes the detected optical signal to vary. 
Significant variations can also occur when the surface is 
being viewed through a liquid layer, such as an etchant 75 
or slurry, that changes its thickness and other character- 
istics overtime. These factors often cause the measure- 
ment signal to have significant amounts of undesired 
noise. But if the surface is viewed over most or all the 
angles through which the incWent radiation can be scat- 20 
tered by the surface, any liquid etchant on it and by the 
optical elements, this source of noise is significantly 
reduced. It is reduced further when the surface is illumi- 
nated over wide angles. Illumination and detection over 
a full hemisphere is ideal but significant improvements 25 
are made when lesser angles in the range given above 
are utilized. 

[0011] The term 'optical radiation' is used in this 
application to mean electromagnetic radiation in a con- 
tinuous wavelength range including visible and near vis- 30 
ibie infrared and ultraviolet wavelengths, generally 
considered to extend from about 0.2 to about 4 mterons. 
Monitoring the optical radiation modified by a surface 
usually also includes monitoring the level of radiation 
incident upon the surface so that the reflectivity or emis- 35 
sivity of the surface, or a related quantity, can be calcu- 
lated either as the ultimate surface characteristic to be 
determined or as an irrtermediate quantity used to cal- 
culate some: other surface characteristic. By making the 
measurements in a defined radiation wavelength range 40 
and with the geometric constraints discussed above, 
resulting calculattons of the reflectivity or emissivity of 
the surface are highly meaningful because they are 
independent of changing conditions unrelated to sur- 
face reflectivity and emissivity. The calculation of emis- 45 
sivity is preferred because it is understood in the 
scientific community to be independent of the geometry, 
wavelength and other factors that can cause undesired 
variations in optical measurements, 
[0012] When a layer of material being formed on or so 
removed from a substrate, in whole or in part, is being 
monitored, it is preferably illuminated and viewed in the . 
above described manner. An endpoint to the complete 
removal of a layer is one characteristic of the surface 
that may be determined. Another characteristic is the 55 
thickness of the layer, either in relative or absolute 
terms. Because surface reflectivity or emissivity is being 
determined with the effects of varying measurement 



conditions being minimized, the thickness of a layer can 
be determined with a high degree of accuracy by a look- 
up table, model or other relationship between the reflec- 
tivity or emissivity and thckness, 
[0013] When the monitored layer is a metal or other 
generally opaque material, its reflectivity and emissivity 
are directly related to the thickness of the layer if the 
layer is thin enough to be at least partially transparent. 
For example, when a metal layer Is being removed from 
a substrate, the layer's reflectivity or emissivity, when 
measured by the techniques summarized above, is 
directly related to the thickness of the metal layer once 
it has become thin enough to be semi-transparent. A 
metal film on a semiconductor wafer is semi-transparent 
when its thickness is less than about 500 to 1500 Ang- 
stroms, depending on the metal and the wavelength of 
radiation used. Therefore, for such thin metal layers, 
their thicknesses can be determined from a look-up 
table or set of functions that relate the measured reflec- 
tivity or emissivity with the layer's thtekness. This makes 
it possible to measure and control the thicknesses of 
thin metal films with precision. Once the metal film Is 
completely removed, then the optteal properties being 
measured are those of the layers under the metal film. 
The measurement of the reflectivity or emissivity of a 
metal layer can be conducted with one or more wave- 
lengths of optrcal radiation. 

[001 4] The thickness of a layer of transparent mate- 
rial, such as a dielectric, can be monitored throughout a 
range of its entire thk:kness by viewing a signal resulting 
from interference of a portion of the Incident optical radi- 
atfon reflected from an outside surface from which 
material is being removed and another portion of the 
incident radiation reflected from some other interface in 
the structure of the substrate and layer. A given table or 
set of functions are used to relate specific values of the 
interference signal with layer thicknesses. Interference 
signals are preferably generated in at least two different 
wavelengths of optical radiation. Precise measurements 
of the thfckness of a transparent layer are then obtaina- 
ble without ambiguity under many circumstar)ces when 
the two or more optk:al radiation wavelengths and 
ranges of layer thteknesses are suitable. In other cases, 
such precision additionally requires knowledge of the 
approximate layer thickness, as determined by observa- 
tion or otherwise, in order to obtain a precise measure- 
ment of the transparent layer's thickness without 
ambiguity. 

[0015] When two or more wavelengths of radiation 
are used to illuminate a layer, the radiation can be gen- 
erated by separate narrow bandwidth radiation sources, 
such as light emitting diodes (LEDs), and then the 
uniquely responsive to one of the source wavelengths. 
Alternatively, or in combination, the two or more radia- 
tion sources are each modulated with a unique fre- 
quency. Electrical signals obtained from a single or 
multiple radiation receiving photodetectors are then fil- 
tered to pass the source modulating frequencies in 
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order to obtain a separate signal for each of the illumi- 
nation wavelengths. The frequencies of modulation are 
preferably selected to be different from that of any ambi- 
ent radiation or electrical noise that might be present in 
the environment in which the measurements are being 5 
taken, thereby to significantly reduce adverse effects of 
any such ambient radiation and noise. The radiation 
source modulation and photodetector signal filtering 
technique can also be used when a single optical radia- 
tion is directed at the surface being monitored in order w 
to similarly reduce the effects of any ambient radiation 
and electrical noise that might be present at different 
frequencies from the modulating frequency. 
[001 6] Although the techniques summarized above 
are useful to measure a surface characteristic in-line or 75 
off-line when processing of the surface is not taking 
place, it is usually preferable to apply these techniques 
to in situ monitoring. This saves the extra steps neces- 
sary to make the measurements and provides the 
results in real time. The processing can then be control- 20 
led from the measurements, either automatically or by 
providing the measurements to an operator who then 
adjusts the processing. One spedfjc processing method 
where these measurement techniques are particularly 
useful is CMP, where one or more substrates (such as 25 
semfconductor wafers) are held by a carrier, and their 
exposed surfaces moved across a polishing pad carried 
by a platen. A sluny of abrasive part ides and a chemi- 
cal etchant is usually also used on the pad. One or more 
optical radiation sensors, preferably of the wide radia- 30 
tion angle type described above, are installed in either 
the canrier, if the processing is being viewed from the 
back side of the substrates, or in the platen, if being 
viewed from the front sWe of the substrates. The front 
side of the wafers can also be periodk:ally viewed in 35 
some CMP machines when the wafers are being toaded 
into or unloaded from the CMP machine, or are periodi- 
cally moved off the platen within the CMP machine dur- 
ing the CMP process. 

[0017] An analog signal obtained from a sensor 40 
installed in a CMP machine platen is a continuous one, 
resulting from being scanned across the one or more 
wafers held by the earner and the surface of the carrier 
in between the wafers. If the reflectivity and emissivity of 
the carrier surface is significantly different than that of 45 
the wafers, there is a significant discontinuity of the sig- 
nal obtained by the photodetector as its view crosses an 
edge of the wafer. Discrete measurements of the wafer 
surface are referenced to these discontinuities as a way 
of identifying the posittons of the measurements. In so 
some cases It Is desired to take spedfic measurements 
near an edge of the wafer outside of pattemed drcuit 
die, and In others it is desired to take specific measure- 
ments over a patterned location. Control of the location 
is made possible by use of the edge discontinuity. The 55 
measurements at specific positions of the wafers are 
then monitored over time in order to measure the effect 
of the processing on the wafer surface. 



[0018] The representative features of the present 
invention described above can be implemented alone 
without use of the others but various combinations of 
the foregoing summarized features and others are alter- 
natively combinable for use in specific appRcations. 
Additional features, advantages and objects of the vari- 
ous aspects of the present invention are included in the 
following description of various embodiments, which 
description should be taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Rgure 1 schematically illustrates in general terms a 
system for optically scanning a substrate to monitor 
a characterist'c of the substrate surface; 
Figures 2 and 3 show, in cross-section, alternative 
versions of a general optical scanning head of Fig- 
ure 1; 

Rgure 4 shows the primary components of a first 
specific embodiment of the optical scanning head 
of Rgure 1 ; 

Rgure 5 is a cross-sectional view of the optical 
head of Rgure 4; 

Figure 6 shows the primary components, in cross- 
section, of a second specific embodiment of the 
optrcal scanning head of Rgure 1 ; 
Rgure 7 shows a modified optical arrangement for 
the system of Figure 1 to make measurements at 
two wavelengths; 

Rgure 8 are exemplary curves of measurements 
made of a transparent film with two wavelengths 
according to the system of Rgure 1 , as modified by 
the optics of Rgure 7; 

Rgure 9 is a table that illustrates use of the curves 
of Rgure 8; 

Rgure 10 shows another modified optical anBnge- 
ment for the system of Rgure 1 that modulates the 
illuminating optical radiation source; 
Rgure 1 1 shows another modified optical anange- 
ment for the system of Rgure 1 that modulates illu- 
minating optfcal radiation sources and makes 
measurements at two wavelengths; 
Rgure 12 is a curve of a measurement made of a 
metal film according to the system of Rgure 1 ; 
Rgure 13 is a table that illustrates use of the curve 
of Rgure 12; 

Rgure 14 is a side view of one type of CMP 
machine; 

Rgure 15 schematically illustrates relative motion 
of various components of the CMP machine of Rg- 
ure 14; and 

Rgures 16A and 16B are exemplary signals occur- 
ring in the CMP machine of Rgures 14 and 15. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[0020] Referring initially to Rgure 1 , a system utiliz- 
ing the measurement techniques of the present inven- 
tion is illustrated in general temris. A substrate or other 
object 1 1 contains a surface 13 that is being measured. 
An optical sensor head 15 directs optical radiation from 
one or more light emitting diodes (LEDs) against a spot 
1 7 of the surface 13. Other sources of optical radiation 
can be used instead of LEDs but rt is preferred that they 
have a narrow bandwidth, such as a few dozen nanom- 
eters in wavelength, or less. Highly coherent sources of 
optical radiation are unnecessary. A portion of the 
source radiation that is reflected from the surface Is 
gathered by suitable optics, such as an optical fiber 19. 
Other optics, such as an optical fiber 21 , collects a por- 
tion of the source radiation, preferably without any sig- 
nificant amount of radiation reflected from the surfiace. 
as background radiation that is used as a reference. 
[0021] The sensor head 15 is connected with a 
module 23 that includes optical and electronic elements 
to interface between the sensor 15 and a host controller 
25, such as a personal computer. Photodetectofs 27 
and 29 receive the optical signals from the optical fibers 
19 and 21 . respectively, to generate electrical signals in 
respective lines 31 and 33. These electrical signals are 
amplified by respective amplifiers 35 and 37. whose out- 
puts are connected with an analog-to-digital converter 
39. The amplified and digitized outputs of the photode- 
tectors 27 and 29 and then sent to a controller 41 which 
controls operation of the sensor 15 and of the module 
23, and can make a portion or all of the calculations 
necessary to determine the ultimate quantity related to 
the characteristic of the surface 13 that is being meas- 
ured. The module 23 also includes a power circuit 43 
that supplies, thrbugh a line 45, the LEDs or other opti- 
cal radiation source.included within the sensor head 15. 
The power Is sujsplled by the host controller 25 but con- 
trolled by the controller 41, the module 23 is preferably 
provided in a small rugged, package so that it may be 
positioned near the head 15 in a piece of processing 
machinery. 

[0022] The size of the illuminated spot 1 7 is made 
to suit the measurement, a range of one-quarter to 
three-fourths of an inch in diameter for the applications 
specifically described herein. A diameter of the sensor 
head 1 5 of about one-half of one inch is preferred for the 
CMP applications described below, resulting in a spot 
17 having a diameter something less than that, depend- 
ing upon the optteal elements at the end of the head 1 5. 
The size of the spot 17, of course, determines the area 
of the surface" 13 that is averaged or integrated during 
each measurement. 

[0023] Measurements can be made at a single 
point of the surface 13. at multiple points, or continu- 
ously across the surface 13, such as along a path 47, by 
providing relative motion between the head 15 and sur- 
face 13. Either the head 15 can be moved, or the sub- 



strate 11 moved, or both. In the CMP application 
described below, both are moved. 
[0024] Figure 2 shows a conceptual cross-sectional 
view of an end portion of the sensor head 15. Optical 
5 radiation from the source(s) (not shown in Rgures 2 and 
3) contained in the head 15 is directed through an opti- 
cal radiation spreading element that extends across an 
end opening of a cylindrical housing 51 . The element 49 
spreads the source radiation over a maximum angle 6, 
10 preferably with substantially unifomi intensity. A diffrac- 
tion element may be made for this purpose but use of 
ground glass for the element 49 operates satisfactorily 
and provides a randomness to the surface illumination. 
As discussed above, better results are obtained as the 
15 angle 6 increases. The element 49 is designed to pro- 
vide this angle to be at least 45 degrees. 
[0025] An end of an optical fiber has an acceptance 
angle of optical radiation that depends primarily upon 
the refractive index of the fiber core material. Such an 
20 angle <!> is shown on Figure 2 at an end of the optteal 
fiber 19, which extends through the element 49 to have 
an unobstructed view of the surface 13. It is also desir- 
able that this angle be made as large as is practk:al, as 
discussed above, preferably 45 degrees or more. An 
25 optical fiber with a core made of sapphire, quartz or 
cubic zirconia has an angle of acceptance of about 45 
degrees. For a larger angle 4>. or when other optical fiber 
cores with a lower refractive index are used, such as 
plastic, a lens. element 53 can be added to the end of 
30 the opticai fiber 1 9, as shown in Rgure 3. The diameter 
of the area viewed by the optical fiber 19 is increased, 
as indicated in Rgure 3, It is the area of the surface 1 3 
within the angle of acceptance <t> that defines the spot 
17, assuming that this area is also substantially uni- 
35 formly illuminated. 

[0026] One specific embodiment of a sensor head 
1 5 is shown in Rgures 4 and 5, where elements that are 
counterparts of those described above are identified by 
the same reference numbers but, when different in 
40 structure, have a prime {*) added to the reference 
number. A plurality of LEDs 55-64 are distrtouted 
around a hemispherical shell 65. A transparent cover 67 
may be provided with radiation scattering properties but 
a wide distribution of radiation results from the numer- 
45 ous LEDs and internal reflection within the shell 65. The 
surface 1 3 is illuminated with a range of angles dose to 
180 degrees, depending upon the distance between the 
shell and the surface 1 3. Lenses provided as part of the 
LEDs may also be roughened to add to the diffusion of 
50 the illumination provided by the head 15 of Figures 4 
and 5. 

[0027] Another specific embodiment of a sensor 
head 15, which is preferred, is shown in cross section in 
Rgure 6. Within the cylindrical shell 51 are a plurality of 
55 LEDs, including LEDs 71 and 73, earned by a flat plate 
extending across the inside of the shell. Radiation from 
the LEDs passes through a diffuser 77 through which 
the radiation gathering optical fiber 19 extends, similar 
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to the structure of Figures 2 and 3. When used in hostile 
environments, such as in semiconductor liquid etch or 
CMP machines, the sensor head 15" is seated against 
liquids, moisture and gas vapors. This can be done at 
one end by sealing the diffuser 77 to the diffuser 77 but 
a better seal is obtained by adding a single piece clear 
glass plate 79 which extends completely across and is 
sealed to the inside of the shell 51. Optical radiation 
Irom the LEDs is gathered into the optical fiber 1 7 by 
positioning a circular diffusive - reflecting element 81 
around the optical fiber 19. The element 81 is made 
small enough so as not to block the diffuser 77 from 
receiving almost all of the radiation from the LEDs but 
large enough to reflect enough of the radiation into the 
optical fiber 1 7 to obtain a useful background reference 
signal. 

[0028] The wavelength of the optical radiation 
source is chosen to be the best for monitoring the par- 
ticular surface characteristics of interest The radiation 
needs to interact with the feature or characteristic of the 
object or its surface that is desired to be monitored, in a 
way that can be detected in the radiation after being 
modified by the object For silicon semiconductor moni- 
toring by reflecting radiation from a wafer, wavelengths 
slightly below the band edge of silkxsn are usually best 
generally infra-red radiation less than one micron, to 
which the vrafer is opaque. If radiation is. transmitted 
through the object being monitored to obtain an object 
modified beam that is detected, the radiation is. of 
course, chosen to be of a wavelength that will pass 
through the object. 

[0029] When the reflectivity of the surface 13 is 
being measured, the controller 41 calculates a ratio of 
the reflected radiation signal from the photodetector 27 
to the background radiation signal from the photodetec- 
tor 29, as is well known. The instrument is first cali- 
brated by positioning the sensor head 15 against at 
least one surface having a known reflectivity, and prefer- 
ably against several surfaces having known different 
reflectivities. Calibration includes adjusting the relative 
gains of the two signal channels until the instrument 
reads the known reflectivity of the test surface. This is 
preferably done by software within the controller 41. 
particularly when multipte test surfaces are used. 
[0030] When the emissivity of the surface 13 is 
being measured, the controller subtracts the reflectivity 
from unity, as is well known. The instrument is similarly 
calibrated by using test order t surfaces of known emis- 
sivities. In the examples to follow, emissivity of a surface 
is cateulated as a measure of the thickness of a layer of 
material that forms that surface. The primary application 
is in semiconductor processing but the techniques are 
not so limited. As is well known, a changing thckness of 
a dielectric material, whfch is transparent to the incident 
radiation, is monitored by measuring the interference of 
the radiation reflected from both surfaces of the layer. 
The interference signal passes through peaks and val- 
leys as the layer either becomes thrcker when being 



fomned by chemical vapor deposition (CVD) or other- 
wise, or becomes thinner as material is removed by wet 
or dry etching, CMP or some other technique. 
[0031] The ability to determine an absolute thrck- 
5 ness of a dielectric layer, rather than only a relative 
thk:kness or rate of change of the thickness, is provided 
by the present invention by making the measurement 
separately at different wavelengths and then combining 
the results. Figure 7 shows a modification of the single 
10 wavelength embodiments described above. Two differ- 
ent types of LEDs 91 and 92 emit optical radiation at 
wavelengths X^ and X2. respectively This is reflected 
off the surface 13 and gathered by an optical fiber 93, 
passed to a beam splitter 95 and thence to photodetec- 
75 tors 97 and 99 through respective optical bandpass fil- 
ters 101 (X1) and 103 (X2). The signal outputs of these 
photodetectors are then digitized by the analog-to-dig- 
ital converter 39'. The reference radiation is obtained by 
an optical fiber 105 which directs the radiation sampled 
20 from the LEDs 91 and 92 to a beam splitter 1 07. A por- 
tion of the reference radiation then strikes a photodetec- 
tor 1 09 through an optical filter 1 1 3 that passes XI , and 
another portion reaches a photodetector 1 1 1 through 
an optk:al filter 115 that passes X2. The electrical out- 
25 puts of these photodetectors are also applied to the 
analog-to-digital converter 39'. 
[0032] The controller 41 (Figure 1) now cateulates 
the reflectivity or emissivity of the surface 13 separately 
for each of the radiation wavelengtiis XI and X2. Cateu- 
30 lated emissivity data are shown in curves of Figure 8. 
These curves are the same when the layer is being 
increased in thickness as when it is being decreased. 
One interference curve 1 1 7 results from processing the 
signals from the X1 receiving photodetectors 97 and 
35 109, and a second interfererx:e curve 119 is obtained 
from the signals from the receiving photodetectors 
90 and 111. The calculation of emissivity described 
above is made twee, once for each wavelength. The 
curves of Figure 8 show the emissivity of an oxide layer 
40 with XI =0.650 mfcron and X2=0.740 micron. Additional 
data can be acquired for a third or more distinct wave- 
lengths, thus giving one or more additional interference 
curves, but the complexity of implementing such a sys- 
tem generally outweighs the advantages of doing so. 
45 The periods of the curves 117 and 119 are different 
because of the different wavelengths at whch the data 
is acquired. Their peaks and valleys are thus not 
afigned. This allows the thrckness of the transparent 
layer of the surface 13 to be determined from the data 
so fomning both of the curves 1 1 7 and 1 1 9. The two values 
of the curves are unique for each value of layer thick- 
ness, at least over a signifk:ant range of thicknesses. 
[0033] The table of Rgure 9 illustrates this. Each of 
the pairs of emissivity values for the two wavelengths 
55 corresponds to a specific thickness of the layer being 
nwnrtored. For example, when the emissivity is cafcu- 
lated to be u and w for the respective wavelengths XI 
and A2, it is known that the thickness of the layer is (A). 
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This is also shown on the curves of Figure 8. Similarly, 
a combination of values from the curves 1 1 7 and 1 1 9 of 
V and X gives a thickness (B). The table of Figure 9 is 
empirically detennined for a specific layer material. An 
instrument that is capable of measuring the thickness of 
two or more types of materials has a separate look-up 
table for each material. There may be up to one entry for 
each set of digital samples taken at one sample time by 
the analog-to-digltal converter 39* (Rgure 7) of the four 
analog signal inputs from the photodetectors 97. 99, 
1 09 and 1 1 1 . As an alternative to use of such a table, a 
mathematical function relating the two emissivity read- 
ings to layer thkrkness may be formulated for each dif- 
ferent type of layer material that the instrument is 
intended to measure. 

[0034] Depending upon the particular range of layer 
thicknesses and specific wavelengths used, tong 
sequences of pairs of emissivity readings can repeat 
themselves in the look-up table of Rgure 9. and thereby 
introduce an ambiguity in the thfckness readings made. 
When this occurs, an additional piece of informatton is 
given the controller 41 (Rgure 1), such as the approxi- 
mate thickness at the beginning of an etch or CMP proc- 
ess. The user can input this information when the 
process is begun. This then allows the controller to start 
with the proper thickness value in response to a pair of 
emissivity readings that occurs more than once in the 
table. Use of a third or more emissivity readings can 
eliminate the ambiguity in many cases. When the meas- 
urement is being made of the thickness of a layer being 
formed, it is known to start making readings in the look- 
up table at zero thk:kness. so any repeating sequences 
of values do not cause an ambiguous thickness cateula- 
tkjn. 

[0035] Depending on the wavelength(s) at which 
the measurements are made, ambient radiation iari 
exist in the processing machine or environment in whfeh 
the measurements are taken. This can. of course, affect 
the accuracy of the surface measurements. Atthbugh 
the measuring instrument can be shielded from such 
optical radiation in many cases, its effect can alterna- 
tively be effectively eliminated by modulating the Inci- 
dent radiation at a frequency other than that at which 
the ambient radiation may be modulated. That is, the 
power supply frequency and hamionics (60, 120 Hz. 
etc. in the U.S.) are avoided. Frequencies of any electri- 
cal noise generated in the processing machinery, which 
can be induced into the measurement circuits can7ing 
low level signals, are also avoided. The photodetector 
output is then applied to an electronic bandpass filter to 
pass a nan-ow band of frequencies around the modulat- 
ing frequency.* Such a technique is shown in Rgure 10, 
wherein the power supply 43a to an LED 121 is modu- 
lated with a sinusoidal signal having a frequency f1, 
such as several hundred Hz., depending on the situa- 
tion. Background and reflected radiation photodetectors 
121 and 123 apply their electrical signal to respective 
amplifiers 127 and 129. The amplified signals are then 
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. passed through respective filters 131 and 133 having 
narrow pass bands around the frequency f1. The elec- 
trical outputs of the filters 131 and 133 therefore repre- 
sent the optrcal signals resulting from illumination by the 

5 LED 1 21 without optical or electrical noise introduced by 
the environment. Some characteristk: of the filtered 
alternating cun-ent signals, such as their root-mean - 
square (rms), is taken as representative of the surface 
characteristk: being measured, before further arithmetic 

10 processing, 

[0036] This LED modulation technique can also be 
adapted to serve an additional function in a multiple 
wavelength instrument, as a variation of the embodi- 
ment of Figure 7. Figure 1 1 shows LEDs 135 and 137, 
15 emitting optical radiatton at respective distinct wave- 
lengths X^ and A2, being modulated at respective dis- 
tinct frequencies f1 and f2. Rather than using optical 
filters to obtain separate signals for each of the two 
wavelengths, as is done in Rgure 7, electrical bandpass 
20 filters are used. Only one reference radiation photode- 
tector 139 is used, land only one photodetector 141 
receives LED radiation reflected from the surface 13. 
Photodetector outputs are amplified by pre-amplifiers 
1 43 and 1 45. The amplified signal from the photodetec- 
25 tor 139 is applied to two filters 147 and 149, which each 
pass: narrow frequency bands around one of the LED 
modulating frequencies f1 and f2. respectively. Simi- 
larly, the amplified signal from the photodetector 141 is 
applied to two filters 161 and 153, which pass the fre- 
30 quencies f1 and f2, respectively. The four filter outputs 
are then digitized by the analog-to-digital convener 39b. 
The controller 41 (Rgure 1) then processes the signals 
from the f1 bandpass filters 147 and 151 to obtain data 
for one of the curves of Rgure 8, and also processes the 
35 signals from the f2 bandpass filters 149 and 153 to 
drain data for the other curve. Thus, if the modulating 
frequencies f1 and f2 are both chosen to suppress opt\- 
<a^ a^^ environmental noise in the manner 

(fiscussed above with respect to Figure 10, the system 
40 of Rgure 11 has that advantage as well. Additionally, 
the systems of Figures 7 and 11 can be combined by 
u^ng both optteal and electrical filters. 
[0037] The optcal detection of films of normally 
opaque materials such as metals has typically been lim- 
45 ited to determining when a breakthrough occurs during 
removal of the film by detecting when the ampfrtude of 
reflected radiation changes from one level to another in 
response to the metal being totally removed. However, 
as illustrated by the curve of Rgure 12. a measurement 
50 of the reflectivity or emissivity of a metal layer can pro- 
vide a measurement of its thickness when very thin. The 
shapis of the curve in Rgure 1 2 is for a copper layer over 
a. layer of tantalum, as an example, the combination of 
whk:h is carried by another material, usually a dielectric. 
55 on a substrate. Copper is used for conductors in inte- 
grated circuits. The layer of tantalum, or some other 
appropriate material, provides a banrier to prevent cop- 
per from diffusing into the underlying dielectric. The 
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emissivity of the two layer structure, when at their fill 
thicknesses, is a (Figure 12), but when the copper layer 
is very thin, between thicknesses (X) and (Y). its emis- 
sivity varies in a measurable manner between a and b, 
as a function of its thickness. For copper, the thickness 
at (X) Is about 1.000 Angstroms. In this example, the 
underlying tantalum Is thin enough to not be completely 
opaque, its emissivity also varying In a measurable 
manner between levels b and c as a function of its thick- 
ness, as indcated between thicknesses (Y) and (Z) in 
Figure 1 2. The emissivity c is that of the material under 
the tantalum, usually a dielectric. 
[0038] Such thin layers of metal are becoming 
extensively used in semiconductor processing and 
structures. The techniques of the present Invention may 
be used to measure thickness of thin metal layers in situ 
during their formation, thinning or complete removal 
from all or portions of a wafer. When copper is used for 
conductors, a dielectric layer is formed to cover the 
wafer except where contacts need to be made through 
the dielectric layer to aluminum, polysilicon, substrate 
diffusions and the like. Shallow trenches are formed in 
the dielectric to define where the copper conductors are 
to be placed. A thin (typically 200-800 Angstroms) bar- 
rier layer, such as tantalum, is then deposited over the 
entire dielectric. Including the trenches and vias through 
the dielectric. A copper layer is then^lormed. usually by 
electroplating, over the banrier layer. CMP is then used 
to remove the copper and underlying barrier layer from 
the top surface of the dielectrk:, leaving them in the 
trenches and vias where the copper conductors are 
desired to remain. 

[0039] Rgure 13 is a look-up table that provides 
empirically determined data relating the emissivity and 
layer thickness of the curve of Figure 12. Measurements 
of emissivity. made by one of the ways described previ- 
ously, are then converted to thickness by use of such a 
look-up table. The dual wavelength and modulated 
source techniques may also be used with nnetal layers. 
[0040] It can be then seen that the thk:kness of a 
thin metal layer, when in a region such as between (X) 
and (Y) of Figure 12, can be carefully controlled both 
during its fomnation and during its removal. When form- 
ing the two tantalum and copper layers of that example, 
the data of that characteristk; curve are monitored from 
right to left, and when the layers are being removed, 
from left to right. It is also useful to monitor the thickness 
of a layer when it is being totally removed since this can 
give the process controller or the operator an indication 
when that end point is about to be reached. 
[0041] A very significant application of the various 
aspects of the present invention is the in situ measure- 
ment of layer thickness during its removal, at least par- 
tially, by CMR The largest appfication of CMP is in 
semconductor wafer processing. There are many differ- 
ent types of CMP machines being used and contem- 
plated for use in the future. They provkle relative motion 
with pressure between the layer surface and a pad, with 



a slurry of liquid chemical etchant and abrasive partcles 
between them. It is difficult to optically monitor proc- 
esses of such machines in situ because of the conplex 
motion usually given to the substrate and layer being 
5 measured, limited optical access and optically hostile 
environment 

[0042] Figures 14 and 1 5 show installation of a film 
thickness monitor according to the present invention on 
a CMP machine. In this example, four semiconductor 

w wafers are being processed at one time. Wafers 161 
and 163 carry respective layers 166 and 167 that are 
being reduced in thickness. The backsides of the wafers 
are attached to respective wafer caniers 169 and 171. 
The wafer carriers are rotated by respective electrical 

15 motors 173 and 175. A structure 177 holds the wafer 
carriers in position. The wafer layers are urged against 
a pad 179 that is attached to a round platen 181 that 
itself is rotated by an electrical motor 1 83. A layer 1 85 of 
a liquid chemical etchant and abrasive partfcles in a 

20 slurry is applied to the pad 179. Material is removed 
from exposed surfaces of the wafer layers 165 and 167 
by grinding them across the pad 179 with the abrasive 
sluny between them. 

[0043] The sensor head 15 described above, pref- 

25 erably the version shown in Rgure 6, is installed in the 
pteten 181 in a position to look up to reflect light off of 
the layers being processed as they move over the head 
15. A transparent window 1 87 is installed in the pad 1 79 
over tiie sensor 15. Optical radiation generated within 

30 the head 15 then travels upward through the window 
187, through the slurry 185. strikes the wafer layers in 
turn that are being processed, and returns back through 
the same path to the gathering opttes within the head 
15. The head electronics 23 Is attached underneath the 

35 platen 181 . Communcation of its digital output signals 
and control signals with the host controller 25 can occur 
through a slip-ring assembly 1 89 on a rotating shaft 1 91 
of the platen 181 . Altematively, wireless communcation 
can be utilized, such as with the use of Infra-red or radio 

40 frequency frequencies. 

[0044] It can be seen that the optical path between 
the sensor head 1 5 and the wafer layer being monitored 
is not unencumbered. Particularly the slurry 185, 
although largely transparent to the interrogating radia- 

45 tion, affects the optical radiation that must pass through 
It twee, once in each direction. But the sensor head of 
the present invention overcomes this difficulty to provide 
good measurements. The wide angle radiation illumina- 
tion and collection, as described above, minimizes 

50 adverse effects of the changing optical properties of the 
slunry over time, partculariy changing radiation scatter- 
ing. The present invention theret>y makes it possible to 
accurately measure the thickness of the layers being 
processed, while they are being processed. 

55 [0045] Rgure 15 shows the platen 181 with the 
position in space of the wafers 161 and 1 63, as well as 
additional wafers 162 and 164, shown in dotted outline. 
Each of the four wafers is rotated in the direction indi- 
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cated with arrows by its individual driving motor. The 
direction of rotation of the platen 15 is also indicated by 
an arrow. The sensor head 15 is thus scanned in a path 
193 across all four rotating wafers, one at a time. An 
example emissivity signal obtained from the sensor $ 
head electronics 23 (Rgure 1) is shown in Figure 16A. 
This signal provides the emissivity (or, atternatety. can 
be the reflectrvrty, if desired) of each wafer in turn as it is 
being scanned by the sensor 15. with the emissivity (or 
reflectivity) level of some other portion{s) of the CMP 70 
machine being measured as the sensor 15 moves 
between wafers. A rotational position encoder 195 
attached to the rotating platen shaft 191 is read by a 
sensor 197, from which the host controller 25 generates 
relative position pulses such as those shown in Rgure 75 
16B. The encoder and sensor 195 and 197 can be of 
any suitable mechanical, optical, magnetic or other 
known type. The position pulses have a purpose of 
allowing the host controller to conelate the received 
data with an individual wafer, 20 
[0046] The host controller 25 can easily separate 
the stream of data obtained from the sensor head elec- 
tronics 23. as shown in Rgure 16, Into separate that 
from the wafers and that from the portions of the 
processing machine in between the wafers. This is 25 
because of a sharp change in lemissivlty; level that will 
norrnally occur as the sensor head 15 passes across an 
edge of a wafer. For example, such a change occurs at 
a signal edge 201 as the sensor head 15 passes across 
an edge of the wafer 161 and onto the wafer. As the 30 
sensor head 15 leaves the wafer 1 61 , passing from It to 
view some other surface, an edge 203 In the signal of 
Rgure 16A occurs. As the processing of the wafer 161 
proceeds, the nrieasured Jevel of ;tte emissivr^ 
for example, between two I wels:205/and 207. Because 35 
ttie edgeis of the-wifefs^Se 
allows the host controller 25 to^ s^^ on the 

wafer a:certa^ 

errri88i\^ as the^pit^cSdy is 
indicated for a given wafer location*^ d^ distance 40 
from a wafer edge. This wafer location can be selected, 
for example, to be where Integrated circuits are formed, 
or, atternatively, nearer wafer^ edges where integrated 
circuits are not formed. The signal 209 varies overtime, 
in a manner of the examples of Rgures 8 and 12. Each 45 
time the sensor head 15 passes over the location of the 
waver 161 wherethesignal 209 is takpn, a new emissiv- 
ity data point Is acquired fbr that location. Monitored 
data may be selected by the host controller 25 for each 
of the other three wafers that have the same position so 
with respect to their edges as the data 209 of the wafer 
1 61 . By using" such k commori location, the layer thick- 
ness may be compared anibng wafers. 
[0047] Of course, data for more than one location 
on each wafer may be monitored during the processing. 55 
Averages of several data points across each wafer may 
also be independently monitored. Or an average of all 
readings across a specific segment or the entire water 



can be made and turned into time based signals of the 
type shown in Rgures 8 and 12. Further, as can be seen 
from the signal of Figure 1 6A, uniformity of the process- 
ing across a defined portion or all of the indrviduat 
wafers can be monitored. Non-uniform processing 
shows as a variation of the data 205 in a single span, for- 
example, between the edges 201 and 203. Statistical 
calculations can be made by the host processor 25 of 
data from a particular wafer to provide an indication of a 
spread of the emissivity values across that wafer, either 
from a single scan or from multiple scans across it Fur- 
ther, polishing rates may be calculated from the emis- 
sivity data, either at one or more specific wafer locations 
with respect to an edge or on the average across a por- 
tion or the entire wafer. 

[0048] It will be recognized from Figure 15 that the 
path 47 (Rgure 1) scanned across a wafer is not the 
same each time because of the complex relative motion 
given to the wafers and the sensor head 15 That nrtotion, 
however, depends upon the particular CMP equipment 
with which the measuring techniques of the present 
invention are utilized. 

[0049] Although the various aspects of the present 
invention have been described with respect to their pre- 
ferred embodiments, it shall be understood that the 
invention is entitled to protection within the fill scope of 
the appended daims. 

Claims 

1. A method of determining a particular characteristic 
of a surface area, comprising: 

positioning at a first distance from the suriace 
area an optical element that spreads incident 
optical radiation over an angle of 46 degrees or 
more, 

directing optical radiation from one or more 
optical radiation sources to the radation 
spreading optical element and thence onto the 
surface area to reflect the spread radiation 
from the suriace area, 

capturing, through the radiation spreading ele- 
ment, optical radiation reflected by the surface 
area with first radiation gathering optics having 
an angle of acceptance of 45 degrees or more 
and positioned a second distance from said 
suriiace area, 

capturing optical radiation from the one or more 
radiation sources with second radiation gather- 
ing optics positioned to receive optical radiation 
from the one or more radiation sources, 
detecting the optical radiation captured by the 
first and second radiation gathering optics, and 
determining the particular characteristic. of the 
surface area from levels of the detected optical 
radiation from each of the first and second radi- 
ation gathering optics. 
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2. The method of claim 1, wherein capturing optical 
radiation from the one or more radiation sources 
includes reflecting a portion of the optical radiation 
from said one or more radiation sources into the 
end of the second light pipe from a reflective optical 
radiation diff user that is positioned in a path of opti- 
cal radiation from said one or more optical radiation 
sources. 

3. The method of claim 1 , wherein the particular char- 
acteristic of the surface area includes its reflectivity, 
and detemnining the reflectivity includes taking a 
ratio of a detected level of optical radiation captured 
by the first and second light pipes. 

4. The method of claim 1 , wherein the particular char- 
acteristic of the surface area includes its emissivity, 
and determining the emissivity includes taking a 
ratio of a detected level of optical radiation captured 
by the first and second light pipes. 

5. The method of claim 1 , wherein the surface area 
extends across a film carried by a substrate, and 
the particular characterist'c of the film being deter- 
mined includes its thickness, and determining the 
film thickness includes comparing a detected level 
of optical radiation captured by the first and second 
light pipes. 

6. The method of claim 1 . wherein the surface area 
extends across a structure formed on a semkx>n- 
ductor wafer. 

7. The method of daim 1 , wherein the surface area 
extends across a structure fomned on a flat panel 
display. 

8. The method of any one of claims 3-7, wherein the 
particular characteristic of the surface area is being 
determined simultaneously with the surface area 
being processed in a manner that changes its said 
particular characteristic. 

9. The method of claim 8. wherein the surface area is 
being processed by chemical-mechanical-polish- 
ing. 

1 0. The method of any one of claims 1 -7, wherein posi- 
tioning the radiation spreading optcal element 
includes positioning a transparent radiation cfiffuser 
the first distance from the surface area. 

11. The method of claim 7, which additionally com- 
prises holding said surface area against a moving 
element surface, and wherein directing racfiation 
onto the surface area includes directing radiation 
from the one or more radiation sources and through 
the diffuser that are located within the moving ele- 



ment. 

12. The method of any one of claims 1 -7. wherein posi- 
tioning the radiation spreading optk^al element 

5 includes positioning a hemispherical element hav- 

ing a plurality of optical radiation sources held 
around an inside surface thereof, which inskle sur- 
face is reflective and positioned to open onto the 
surface area. 

10 

13. The method of any one of claims 1-7, wherein 
directing optical radiation to the radiation spreading 
optical element from one or more optical radiation 
sources includes directing said radiation from at 

75 least one source of optical radiation of a first band- 
width and at least one source of optical radiation of 
a second bandwidth, sakj first and second band- 
widths being distinct from each other. 

20 14. The method of claim 13. wherein the sources of 
optical radiation of the first bandwidth are driven at 
a first modulating frequency, the sources of optical 
radiation of the second bandwidth are driven at a 
second modulating frequency that is dstirKt from 

25 the first modulating frequency, wherein detecting 
the optcal racSation includes directing the optical 
radiation captured by the first radiation gathering 
opttes onto a photodetector. and wherein determin- 
ing the surface area characteristic includes direct- 

30 ing an electrical output signal from the 
photodetector through bandpass filters that respec- 
tively pass saw first and second modulating fre- 
quencies. 

35 15. The method of claim 5, wherein directing optical 
radiation to the radiation spreading optical element 
includes directing said radiation from at least one 
source of optical radiation of a first bandwidth and 
at least one source of optical radiation of a second 

40 bandwidth, said first and second bandwidths being 
distinct from each other, wherein the film is trans- 
parent to the optteal radiation of said first and sec- 
ond bandwidths, and additionally comprising: 

45 maintaining a relationship of values of thick- 

ness of the film as a function of pairs of values 
of the optical characteristic data at the first and 
second bandwidths, and 
repetitively converting measured pairs of val- 

50 ues of the optk:al characteristic at the respec- 

tive first and second bandwktths to values of 
layer thckness by reference to said relation- 
ship. 

55 16. The method of claim 5. wherein the film is metal, 
and additnnalty comprising: 

maintaining a relationship of values of thick- 
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ness of the film as a function of either reflectiv- 
ity or emissivity in a region where the metal film 
becomes partially transparent to the optical 
radiation fomn said one or more optical radia- 
tion sources, and 5 
repetitively converting measured pairs of val- 
ues of the optical characteristic at the respec- 
tive first and second bandwidths to values of 
layer thickness by reference to said relation- 
ship. 10 

17. The method of either of claim 15 or 16, wherein the 
layer characteristic determining steps are per- 
formed simultaneously with the film being reduced 

in thickness by a process of chemica^mechanical- is 
polishing. 

18. The method of any one of claims 1-7, wherein 
directing optical radiation to the radiation spreading 
opticaJ element includes modulating the optical 20 
radiation from said one or more optical radiation 
sources at a given frequency, wherein detecting the 
optical radiation Includes directing the optical radia- 
tion captured by the first radiation gathering optics 
onto a photodetector, and wherein determining the 25 
surface area characteristic includes directing an 
electrical output signal from the photodetector 
through a bandpass filter that passes said given 
modulating frequency. 

30 

19. The method of any one of claims 1-7. additionally 
comprising repetith^efy moving across the surface 
the area to whk:h optical radiation is directed from 
said one or more optical radiation sources and from 
which optical radiation reflected therefrom is cap- 35 
tuned, noting a change in the detected optbal radia- 
tion caused by a discontinuity on the surface, and 
referencing , a, region on the surface in a certain 
position with respect to the discontinuity for which 
said particular surface area characteristic is deter- 40 
mined. 

20. The method of any one of claims 1 -7, wherein cap- 
turing optical radiation reflected by the surface area 

by the first radiation gathering optics includes posi- 45 
tioning an end of a first light pipe the second dis- 
tance from the surface area. 

21. The method of claim 20, wherein capturing optical 
radiation from the one or more radiation sources so 
includes positioning an end of a second Rght pipe to 
receive optical radiation from the one or more radi- 
ation sources. 

22. Apparatus for determining a reflective characteristic ss 
of an area of an article, comprising: 

a machine component having a surface 



adapted to be contacted by said article, 

a window forming a portion of said component 

surface, 

at least one source of optical radiation can-ied 
by the component on a side of the window 
opposite to the article contacting surface, 
an optical radiation spreading element carried 
by the component between the window and 
said at least one source of optical radiation, 
said element spreading light from said at least 
one source of optical radiation through the win- 
dow over an angle of 45 degrees or more, 
a first light pipe earned by the component that 
extends through the spreading element with an 
end facing the window to gather optical radia- 
tion passing through said window from the arti- 
cle area, said first light pipe end having an 
angle of acceptance of 45 degrees or more, 
a first photodetector carried by the component 
to receive optical radiation in the first light pipe 
and generate a first electrical signal related 
thereto, 

a second light pipe carried by the component 
and having an end positioned between said at 
least one source of optical radiation and the 
spreading element to obtain optical radiation 
from said at least one source of optical radia- 
tion, 

a second photodetector earned by the compo- 
nent to receive radiation in the second light 
pipe and generate a second electrical signal 
related thereto, and 

a processor utilizing the first and second elec- 
trical signals for determining the reflective char- 
acteristic of the article area. 

23. The apparatus of claim 22, additionally comprising 
a second optrcal radiation spreading element car- 
ried by the component between the window and 
said at least one source of optical radiation in a 
position to direct optical radiation from said at least 
one source of optical radiation into the second light 
pipe end. 

24. The apparatus of claim 23, wherein the article con- 
tacting surface of the component is planar and has 
a back surface defining a thickness of the element 
therebetween, and wherein all of the window, at 
least one source of optical radiation, the spreading 
element the second optical radiation spreading 
element, the first light pipe end, and the second 
light pipe end are positioned in a compartment 
formed in the component between its said article 
contacting and back surfaces. 

25. The apparatus of claim 24, wherein an electronic 
unit is attached to said machine component that 
includes amplifiers for each of the first and second 
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eieclrical signals, an analog-to-digital converting 
circuit, and a processor, an output of the processor 
providing data of the article area reflective charac- 
teristic being determined. 

26. The apparatus of claim 25, wherein the machine 
component is moveable to process the article. 

27. The apparatus of any one of daims 22-25. wherein 
the component is part of a chemical-mechanical- 
polishing machine that is given motion while 
processing the article area. 

28. The apparatus of claim 27, wherein the component 
is a platen with a polishing pad as its said surface 
adapted to be contacted by said article. 

29. A method of monitoring the processing of the sur- 
face of at least one article by chemicai-mechanical- 
polishing wherein the article is held by a first 
machine surface in a manner that a surface of the 
article is urged against a second machine surface 
and relative motion is provided therebetween, com- 
prising: 

providing the first surface with a different reflec- 
tive property than the surface of the article, 
providing at least one sensor recessed irrto the 
second surface in a position to be scanned 
across said at least one article surface as the 
first and second surfaces move with respect to 
each other and provide an electrical signal 
related to a reflective property of the article sur- 
face and of the first surface there around as a 
function of the position of said at least one sen- 
sor thereacross, 

detecting discontinuities in a level of the electri- 
cal signal that occur as the sensor passes 
across edges of the article, 
using at least one of said signal discontinuities 
as a time reference to identify at least one seg- 
ment of the electrical signal occurring between 
the signal edge discontinuities that corre- 
sponds to a region of the article whose surface 
is desired to be monitored during the process- 
ing. 

accumulating data from repetitive occurrences 
of said signal segment as the sensor repeti- 
tively scans across the article surface, and 
converting the accumulated signal segment 
data into a representation of the reflectivity or 
emissivity of the individual article surface 
throughout a period of the processing. 

30. The method of claim 29, wherein two or more arti- 
cles are simultaneously processed, thereby to gen- 
erate a signal having discontinuities as the sensor 
passes across the edges of each of said two or 



more articles, at least one electrical signal segment 
being identified for each of the two or more articles, 
data being accumulated from repetitive occur- 
rences of each of the individual article wafer seg- 
5 ments and the accumulated data being converted 

into representations of the reflectivity or emissivity 
of the individual article regions con-esponding to the 
individual article signal segments. 

10 31 . The method of either of claims 29 or 30, additionally 
comprising illuminating the article surface with inci- 
dent optical radiation spread over an angle of at 
least 46 degrees, and capturing by the sensor a 
portion of the incident optical radiation reflected by 

75 the article surface over an angle of 45 degrees or 
more. 

32. An optical method of monitoring the thickness of a 
layer of transparent material carried by a substrate 
20 as it is being changed by processing, comprising: 

acquiring data of an optical characteristic of the 
layer at at lea^ first and second distinct wave- 
lengths of optical radiation, wherein said optical 
25 characteristic varies differently as a function of 

the thickness of the layer at said first and sec- 
ond wavelengths, 

maintaining a rel^ionship of values of thick- 
ness of the layer as a function of pairs of values 

30 of the optical characteristic data at the first and 

second wavelengths, and 
repetitively convening measured pairs of val- 
ues of the optk:al characteristic at the respec- 
tive first and second wavelengths to values of 

35 layer thckness by reference to said relation- 

ship, said converting occuning simultaneously 
with the processing changing the thtekness of 
the layer. 

40 33. The method of claim 32, wherein acquiring data of 
an optk:al characteristic of the layer includes illumi- 
nating the surface with optical racflation including 
said first and second wavelengths, receiving a por- 
tion of the illuminating radiation reflected from the 

45 layer, and detecting the reflected radiation in a man- 
ner to provide separate signals related to levels of 
the reflected radiation at said first and second 
wavelengths. 

50 34. The method of claim 33, wherein detecting the 
reflected radiation includes providing first and sec- 
ond photodetectors in the path of the reflected radi- 
ation with respective first and second optcal 
bandpass fitters in front thereof, said first filter pass- 

55 ing optical radiation of the first wavelength while 
blocking optical radiation of the second wavelength 
and the second filter passing optical radiation at the 
second wavelength while blocking optcal radiation 
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24^ 



at the first wavelength. 

35. The method of claim 33, wherein illuminating the 
surface includes modulating illuminating radiation 

of said first and second wavelengths at respective s 
first and second distinct frequencies, and wherein 
detecting the reflected radiation includes obtaining 
a photodetector electrical output signal thereof and 
filtering said electrical signal to pass components 
thereof that are related to values of the optical sig- io 
nal at said first and second frequencies. 

36. The method of claim 32, wherein the optical charac- 
teristic of the layer for which data is acquired 
includes an emissrvity of the layer 75 



37. The method of datm 32. wherein maintaining the 
relationship of values includes maintaining a table 
of pairs of values of the optical characteristic at said 

at least first and second wavelengttis for each of a 20 
plurality of thicknesses of said layer, and corwerting 
measured pairs of values of the optical characteris- 
tic to values of layer thickness includes tooking up 
the layer thickness in this table. 

25 

38. The method of any one of claims 33-35» wherein 
illuminating the surface adcfitionally includes direct- 
ing the optical radiation against the surface over an 
angle of 46 degrees or more and receiving radiation 
reflected from the layer includes receiving said radi- 30 
ation over an angle of 45 degrees or more. 

39. The method of claim 38, wherein the optteal charac- 
teristk: of the l^er for which data is acquired 
includes a reflectivity of the layer. 35 

40. The method of claim 38, wherein the optical charac- 
teristic of the j^er for A^ji^ acquired 
Includes an emis^ity of the layer 



41. The method of any one of clalnns 32-36, wherein 
the processing being performed on said layer is 
chemical-mechanksl-polishing. 

42. A method of changing the thickness of a layer of 
metal canied by a substrate, comprising,: 



40 



45 



directing optical radiation a^inst the layer over 
an angle of at least 45 degrees, thereby to 
reflect a portion of said radiation from said so 
layer; and receh/ing the reflected radiation over 
an angle of at least 45 degrees, 
simultaneously processing the layer to alter its 
thickness, 

monitoring the reflected radiation as the layer is 55 
being altered in thickness from a constant 
value over time until the value changes but 
before the value becomes constant overtime at 



a different level. 

comparing the value of the reflected radiation 
during its changing with known values as a 
function of the thickness of said layer, and 
terminating altering the thickness of the layer 
when the reflected radiation is determined to 
correspond to the desired thrckness of the 
layer. 

43. The method according to claim 42, wherein the 
layer is being processed by CMP to remove mate- 
rial therefrom. 

44. The method of forming copper conductors on an 
integrated circuit structure, comprising: 

forming a dielectric material layer over the inte- 
grated circuit structure, 

forming trenches in a top surface of the dielec- 
tric material where copper conductors are to be 
fonmed, 

depositing a barrier layer of material over the 
dielectric top surface and into said trenches, 
depositing a layer of copper material over the 
barrier layer on the top surface and into the 
trenches of the dielectric material layer, 
removing by a CMP process the copper and 
bamer layers from the top surface of the dielec- 
tric but not from the trenches, 
concurrently with removing the layers, directing 
optical radiation against the layers over an 
angle of at least 45 degrees, thereby to reflect 
a portion of said radiation from said layers, and 
receiving the reflected radiation over an angle 
of at least 45 degrees, 

monitoring the reflected radiation as the layers 
are being removed, 

comparing the value of the reflected radiation 
during Its changing with known values as a 
function of the thickness of said layers, and 
terminating the CMP process when the 
reflected radiation is detemnined to correspond 
to the desired thickness of the layer. 

45. A method of measuring, through an optical radia- 
tion scattering medium, the thckness of a layer car- 
ried by a surface, comprising: 

directing incident optical radiation through the 
scattering medium to the layer in a manner to 
obtain optical radiation reflected thereby, 
including spreading and scattering the optical 
radiation from one or more radiation sources 
prior to the incident radiation passing through 
the scattering medium, 

capturing the optical radiation reflected by the 
layer through the radiation scattering medium 
over an angle suffk:ient to counteract effects of 
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variations in scattering of the optical radiation 
by the radiation scattering medium, 
capturing optical radiation from the one or more 
radiation sources without effect of the reflected 
optical radiation, 

separately detecting the optical radiation 
reflected by the layer and the optical radiation 
from the one or more radiation sources, and 
determining the thickness of the layer from lev- 
els of the detected optical radiation. 

46, The method of claim 45, wherein spreading and 
scattering the optical radiation includes directing 
the incident optical radiation through a diffuser prior 
to striking the scattering medium and the layer 75 

47. The method of either one of claims 45 or 46. 
wherein directing optical radiation Includes direct- 
ing said optical radiation through the scattering 
medium to the layer over an angle of 46 degrees or 20 
more, and wherein capturing the optical radiation 
reflected by the layer includes receiving the opticai 
radiation reflected by the layer through the scatter- 
ing medium over an angle of 45 degrees or more. 

25 



30 



35 



40 



45 



50 



55 



5 



10 



EP 1 055 903 A1 




15 



EP 1 055 903 A1 




16 



EP 1 055 903 A1 





'//////////////////////////////// 



17 



EP 1 055 903 A1 





18 




19 



EP 1 055 903 A1 



TRANSPARENT RLM 
LOOK-UP TABLE 



METAL FILM 
LOOK-UP TABLE 



EMISSIVITY 


FILM 
THICKNESS 




EMISSrVITY 


MLM 

THICKNESS 


XI 


12. 










a 


UNKNOWN 


u 


w 


(A) 




a 


UNKNOWN 


• 




• 




a 


(X) 


• 


• 
• 


• 
• 




b 


(Y) 


V 


X 


(B) 
















c 


(Z) 


• 
• 


■ 

• 


• 
• 




c 


UNKNOWN 


• 


• 


• 




c 


UNKNOWN 



FIG.-9 



FIG.. 13 



EMISSIVITY 



TIME 

F/G.- 12 




REMOVED 



(X) (y) (z) 

^ , ' 

LAYER THICKNESS 



TIME 



20 




21 



EP 1 055 903 A1 





22 



EP 1 055 903 A1 




MACHINERY 
SURFACE 



MACHINERY 
SURFACE 



MACHINERY 
SURFACE 



MACHINERY 
SURFACE 



MACHINERY 
SURFACE 



CO 



2 



EMISSIVITY 



23 



EP 1 055 903 A1 



J) 



EuropMn PMMit 
Office 



EUROPEAN SEARCH REPORT 



EP GO 30 4118 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cctogory 



CMation of doc um ut with Mcstton. wh»r« ipprop riato . 
of f»tovant p«!!Wi(iBS 



CLASSnCATION OP THE 
APPUCJmON (kitGLT) 



A 
0 



EP 0 663 265 A (IBM) 
19 July 1995 (1995-07-19) 



abstract 
cdunn S» 
coluim 7, 
coluiffi 8» 

COllflMl 8, 

colunn 
column 
colunn 



line 22 - column 6, line 57 * 
line 37 - column 8, line 22 ♦ 
line 26 - line 45 ♦ 
line 56 - column 9. line 2 ♦ 
9. line 7 • line 40 ♦ 

11, line 44 - line 54 ♦ 

12, line 58 - column 13, line 7 * 



figures 3,4,6-8 * 



WO 94 07110 A (LUXTRON) 
31 March 1994 (1994-03-31) 



* page 4, line 15 - page 5, line 21 * 

* page 27, Tine 15 - page 28, line 29 

* figure 18 

& US 5 695 660 A 
9 December 1997 (1997-12-09) 

WO 99 01745 A^ (LJ LK80RAT0RIES) 
14 January 1999 (1999^01-14) 

* page 19, line 32 - page 21, line 15 

* figures 4A,4B,4C ♦ 

"~ -/- 



Ihm prwrrt ■ tic h fport h— b— n J i — ii up far ctafcm 



1.3,5,6. 

8,9, 

19-22, 

27-29, 

31, 

42-45,47 



601B11/06 
GQ1N21/47 
B24B37/04 



24-26, 
39.41 

1,3,5,6. 
8.9, 
19-22. 
27-29, 
31. 
42-45,47 



38.39 



1.22,31. 
38,44,47 



-ICCHMCALFIIUIK 

(MLCLT) 



601 N 



THE HAGUE 



11 October 2000 



Thomas, R.N. 



CATEGORY OF CTTED OOCUUEKT6 

X:p«rtaj<artyrelawnif fMn«IOft » ^ 
Y : pvfGulwl)f iilp*mi i ooB<*i»d «<lh mother 

A. ■* *■ ■ . ' • t 1 I li III I in ti 
. vonnoicywM Dan^ajno 

O iMi wrtten dlackmtfv 



T : twonr or prtndpto widartyino tM trwiOan 
E:««ivpiA«mdQajm«rt,bulpuW«hMlon, or 

twa ng date 
O doouiTWfll cHid In tv M(^i lnBi cii 
L 1 docuni«rt ehid ter c<h*r nMMfli 

4 : (iiamlMr ol th* canw pilar< (vnAir, ujiiv^jondng 



24 



EP 1 055 903 A1 




omc* 



EUROPEAN SEARCH REPORT 



AppOeaflonNumbv 

EP 00 30 4118 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Cal00Ofy 


CiMlon of dboumank iMtth McBllon, wh*ra ippra^^ 
of ratMnt pusaoM 


todatm 


CLASSnCATKM OFIW 
APPUCATKM (MLCLT) 


A 


WO 99 23479 A (TECHNICAL CHEMICALS & 
PRODUCTS) 14 May 1999 (1999-05-14) 

* page 2, line 32 - page 3, line 16 * 

* page 7, line 14 - Tine 22 ♦ 

^ page 10, Tine 30 - page 12, line 3 ♦ 

* page 18, line 12 - line 21 ♦ 

* page 23, line 26 - line 27 ♦ 

* figures 3;6A.ll ♦ 


15 18 
32,33,37 




A 


EP 0 735 565 /KIBR) 

2 October t99iB ri996- 10-02) 

* me 4; Wile T - Tine 27 * 

* page 6, Tim. 35 - Tfne 39 « 

* IQHje 6 , Tl he 52 - Tl he 57 » 

* figure 3r» 


13,15. 
18 32-34 




A 


itfi ^ SMOO i^; (i>tJicT^iM 

■*J. ^W>- *i*J^ VU \:kUA 1 nMi'/ 

23 Deccitk^r 199B (1998^12-23) 


31-34, 
38,42, 
44,45,47 






4^ abstract * 

♦ 08(^ 5, line 7 - line 31 ♦ 

♦ pigf 8>, Tim 34 - pime 9, line 14 « 
4* 10, line 4 - Tine 5 * 

♦ 'filiBires t,;^^ 


TECHNICAL RELOB 
SEAHCHED (lm.Ct.7) 








A 


19 Auffist: 19^ Oa997H»-19) 

ccmin: ft -"r^i«: i4. • 
> d^t^l Tr, #iie 41 - Tl ne 59 ♦ 


4,16,23, 
29,36,40 






~~ -/- 






Ihm prmuml ■uMchwport hMb— n Ji—iiup lbr Mctofcro 







Tii HAGUE 



11 October 2000 



Thonas, R.M. 



GATEOORY or CTTEO OOCUMEffTS 



A . wBnnOICOOBL:! 

O-: mi d 



T ; ffwonr or prtnctpto undo'^flnQ tfw kwvnflon 
E : Mfter pslMil dDCunnortl, but puMfhtd on, or 

rttor tw 1in noei» 

O I docufUBfit dUd In ffwiypflcBflon 
L I (tactiTWit ohod lor otfw fsttons 

A i momtor of Vw cvno pslwit ta(nly« cur nj ^wntfuQ 



25 



EP 1 055 903 A1 



Europtcn PalMit 
Offlc» 



EUROPEAN SEARCH REPORT 



EP 00 30 4118 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cttofbn of docuRiMil wdh Mcaflon. wti«r« approprtdt*, 
of ratgyarrt pt^^ajw 



CLASSnCA'nON OF TTC 
APPLICATION (biLCLT) 



GB 2 009 9Z2 A (VIANOYA KUNSTHMIZ) 
20 June 1979 (1979-06-20) 



* page 3, line 80 - line 86 ♦ 

* page 3, line 92 - line 98 ♦ 

* page 3, line 102 - line 105 * 

* figures 1A,1B,2 ♦ 

US 5 475 221 A (UANG) 

12 December 1995 (1995-12-12) 

* abstract ♦ 

* column 3, line 56 - line 60 * 

* figure 5 * 



1-3.12, 
13. 

21-23, 
33,34 



14,35 



IQOMCALREIM 

(MUa.7) 



Tb* prvMnt s«vcfi raport ham twan <jmtm up lor aidahru 



THE HAGUE 



11 OctiAer 2000 



Thonas^ R.M. 



CATEGORY or CTTCO DOCUMENTS 

Y : partojiwv reinnni V oornwied wMri ancitfMr 
<l0Dunanl of ths swna c<l >j cw y 

O * non— wrttiM di<otoiuf> 
P 1 krtannadcto oooixnoTTt 



T : fvory or prttw^jla undarlyino ffio Irwarrton 
E : aaritar paM doamrt. but puMtM on. or 



0:doaiamdMlni 
L ; dooumMit dlid fcr ottMT rMMcm 



A: nwTterof twanM p«M fan»r. conaapondlng 



26 



EP 1 055 903 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 00 30 4118 



''»" *''*»^ «fg"»°9«rtantdlnth»Eunnp«anPat«ntOHe«EDPlWon — " t^""<l»" wren ropon. 
T>» Ei»opo«n Pal^ Olto h In no tor th,« p»rttaim ^ 

11-10-2000 



Patent docuinar 
citod In ssBfcti rai 


It 

xvt 


— 1 1 

1 PubUcBlbn 

1 rill 




Patent lamly 


PubOcaUan 






1 OeM 




■ranibM(s) 




EP 0663265 


A 


19-07-1995 


US 


5433651 A 


18-07-1995 










AOAi n779 n 


AA 1 AAA 

09-07-1998 












Z5-02-1999 








JP 


2561812 B 


11-12-1995 








JP 


7235520 A 


05-09-1995 


WO 9407II0 


A 


31-03-1994 




£400794 Jl 


19-03-1996 








JP 


OdUXDjO 1 


20-02-1996 








us 


6077452 A 


20-06*2000 








us 


5695660 A 


09-12-1997 








us 


5891352 A 


06-04-1999 








us 


6110752 A 


29-08-2000 


UO 9901745 


A 


14-01-1999 


us 


5926262 A 


20-07-1999 








All 




25-01-1999 










AOO^tfCAl A 
Uy^JDUl A 


19-04-2000 










01103^1 A 


12-09-2000 


WO 9923479 


A 


14-05- X 999 


All 




24-05-1999 








PP 




13-09-2000 








MO 




OB-Oo-ZOOO 


EP 0735565 


A 


02-10-1996 


OE 


69510032 D 


08-07-1999 








DE 


69510032 T 


27-01-2000 








3P 


8274082 A 


18-10-1996 








US 


5658418 A 


19-08-1997 


HO 985i4bo 


A 


23-12-1998 


EP 


0990253 A 


05-04-2000 


US 5659397 


A 


19-08-1997 


NONE 






GB 2009922 


A 


20-06-1979 


AT 


351295 B 


10-07-1979 








AT 


879477 A 


15-12-1978 








CH 


638047 A 


31-08-1983 








00 


140290 A 


20-02-190) 








DE 


2851455 A 


13-06-1979 








FR 


2411405 A 


06-07-1979 








JP 


1443785 C 


08-06-1988 








JP 


54089789 A 


17-07-1979 








JP 


62052255 8 


04-11-1987 


US 5475221 


A 


12-12-1995 


NONE 









(Mails about this annix : soe Offldal Journal of the Europm Ptt«m OWc*. No. I2ffi2 



27 



iWs Page 



